The thermal decomposition of imidoyl azides (ArO-C=N-Z)-N 3 , (Ar = p-NO 2 -C 6 H 4 -, p-Br-C 6 H 4 -, p-Cl-C 6 H 4 -, p-C 6 H 5 -, p-CH 3 -C 6 H 4 -, 2,4-dimethyl-C 6 H 3 -, 2,4,6-trimethyl-C 6 H 2 -, p-CH 3 O-C 6 H 4 -and Z = p-CH 3 -C 6 H 4 -SO 2 -, 2,4,6-trimethyl-C 6 H 2 -SO 2 -, CN) in the solid phase and in anisole has been studied in detail. The sensitivity of nitrenes and nitrene precursors (imidoyl azides) towards substitution changes in the aryloxy (ArO) and Z moieties is examined.
Introduction
The sensitivity of nitrene reactivity to the electronic properties of Z in [YO-(C=N-Z)-N:] has been established [1] . The more electron-withdrawing the Z group is the greater the more reactivity the nitrene. For example, N'-(methylsulfonyl)ethoxycarbimidoyl nitrene did not attack benzene but by attaching only one methyl group to the benzene ring changed the yield from 0% to 92%. On the other hand, N'-(trifluoromethylsulfonyl)ethoxycarbimidoyl nitrene converted benzene to N-phenyl-N'-(trifluoromethyl)sulfonyl]-O-methyl isourea in 80% yield.
Dabbagh and Ghaelee, recently demonstrated that in the reaction of N'-cyano(2,6-dimethylphenoxy)carbimidoyl nitrene with substituted benzenes there was an excellent correlation of the Hammett σ + with ρ-value of -3.0 (r = 0.990) [2] . In fact this relationship was used to calculate the relative rate constants, partial rate factors, and Hammett ρ-values [2] . The thermal decomposition of N'-cyano-2,6-dimethylphenoxylcarbimidoyl azide in benzene was used as an external standard and compared with the thermal decomposition in other aromatic substrates (C 6 H 5 -X, X = CH 3 O, CH 3 CONH, CH 3 , Cl, CH 3 OCO, NO 2 ). The major tasks facing chemists are how to control the reactivity-selectivity of the imidoylnitrenes and the stability of imidoylnitrene precursor (the imidoyl azides). If imidoylnitrenes are to be used effectively in a variety of chemical reactions, one must be able control their reactivity to obtain the desired selectivity. Another important factor is the stability of the nitrene precursor that must withstand experimental and storage conditions. The question is this, what effect changes made in the electron withdrawing ability of Y would have on the reactivity and/or selectivity of imidoylnitrenes (YO-C=N-Z)-N: as well as the stability of the imidoylnitrenes precursor [the imidoyl azides, (YO-C=N-Z)-N 3 ]?
Results and Discussion
The sensitivity of the imidoylnitrenes to Z substituents [(Y-O-C=N-Z)-N:] is well documented [1, 2] . In this work, the sensitivity of the imidoylnitrenes (electronic and steric hindrance) to Y substituents is investigated. The goals are to gain more information about the factors influencing the reactivity and selectivity of imidoylnitrenes, the factors (the inductive, steric hindrance, and resonance effects) controlling stability of imidoylnitrenes precursor (the imidoyl azide), as well as the mechanism of their reactions with aromatic nuclei. To achieve this goal, the thermal decomposition of azides with the general structure (Ar-O-C=N-Z)-N 3 , where Ar = p-NO 2 -C 6 H 4 -, p-Br-C 6 H 4 -, p-Cl-C 6 H 4 -, p-CH 3 -C 6 H 4 -, 2,4-dimethylphenyl, 2,4,6-trimethylphenyl, p-OCH 3 -C 6 H 4 -and Z = p-CH 3 -C 6 H 4 -SO 2 -, 2,4,6-trimethylphenyl-C 6 H 4 -SO 2 -, CN, are investigated in the solid phase and in anisole (Scheme 1 and Table 1 ). The results are compared with the thermal decomposition of N'-(p-toluenesulfonyl)-phenoxycarbimidoyl azide (1).
Scheme 1
Ar = p-NO 2 -C 6 H 4 -; p-Br-C 6 H 4 -; p-Cl-C 6 H 4 -; C 6 H 5 -; p-CH 3 A number of important relationships between substituent groups and chemical properties have been developed. In many cases, such relationships can be expressed quantitatively and are useful both for prediction of reaction rates and equilibria. The most widely applied of these relationships is the Hammett equation. In this case, the hydrogen is normally adopted as the "zero" substituent and other substituents are compared to it. The following relationships are applied to measure the relative rates and the Hammett parameters:
a) The total relative reaction rate (Ref. 
where Decom. T = 1/Decomposition temperature o K c) The relative rate of reactivity of substituted phenoxyimidoylnitrenes (k X ) is compared with phenoxyimidoylnitrenes (k H ):
where therm. = thermolyzate = rearrangment, fragmentation, dimerization and polymerization products of imidoylnitrenes.
d) The relative selectivity of substituted phenoxyimidoylnitrenes (k X ) is compared with phenoxyimidoylnitrenes (k H ):
The relative rates are then applied to Hammett equations and with proper σ-value reaction constants (the ρ-values) are obtained. The Hammett parameters are qualitatively useful in comparing the properties of individual substituted phenoxyimidoylnitrenes and making at least a rough comparison of the interplay of resonance, inductive, and steric hindarance in different reaction of imidoylnitrenes.
The Hammett plots of the relative rates of imidoyl azide decompositions versus σ-values produced ρ-values of near -0.10 with some observed deviation from linearity for methoxy and/or methyl groups (Scheme 2).
Scheme 2
The effect of the substituents is believed to represent a combination of effects. Methoxy group acts as electron donor by resonance but the dipole associated with the substituent operate in the opposite direction. The electronic effects of the methyl group are experimentally that of mildly electron releasing by hyperconjugation and are best able to stabilize a positive center such as a nitrene when is located para to it. Hyperconjugation operates through the framework of the benzene ring, but there is a negligible inductive effect from this group. The poor correlation with σ-values indicates that either combination of steric, resonance, inductive, and field effect controls the rate-limiting step or there is a change in the mechanism. The small negative ρ−values indicate that very small development of positive charge (formation of nitrene is the rate limiting step) resulting in a relatively weak interaction (indirect interaction between the positive charge and the substituents) with substituents similar to thermal decomposition of diazomethane derivatives [3] .
The decomposition temperature is lower for imidoyl azide having electron withdrawing groups rather than with electron-donating groups because the former decreases the electron donation by oxygen of phenoxy to the tosyl group allowing the nitronium anion to contribute to the resonance structures and preventing loss of nitrogen (Scheme 3). Methoxy has the opposite effect, increasing
donation to the tosyl group prevents electron donation of the nitronium anion to the tosyl group enhancing the loss of nitrogen (Scheme 4, Table 1 ).
Scheme 3 Scheme 4
Correlation of the thermal decomposition of imidoylnitrenes in the solid phase indicated that electron-withdrawing groups such as NO 2 increases the decomposition temperature. This is reversed for electron-releasing groups, which lower the decomposition temperature ( Figure 1a , Table 1 ). Again, methoxy and methyl groups show deviation from linearity due to a nature of the effect. The Hammett plots for the log of ortho/para ratio gave no correlation with substituent constant σ-values indicating that ortho/para selectivity is a fast process and is not rate-controling step. This supported our earlier prediction that formation of σ-complex (instead of benzaziridine) is a fast thermodynamically favored process [1] . The decomposition point of imidoyl azides or reactivity of imidoylnitrenes is controlled by slight change in the electron availability of Y (YO-C=N-Z)-.
The effect of number of methyl groups of nitrene on the decomposition temperature, % and the ortho/para ratio, are shown in Figures 1c and 1d , respectively. Decomposition temperature is increased with an increase in the number of methyl groups (lowest for imidoylnitrene with 3 methyl groups and highest for 6 methyl). The % Thermolyzate is increased with an increase in the number of methyl groups (lowest for imidoylnitrenes with 3 methyl). The ortho/para ratio showed descending linear correlation with an increase in the number of methyl groups (with the exception of the nitrene with three methyl groups).
Conclusions
In summary, the stability of aryloxyimidoyl azides is increased when the aryloxy groups have electron-withdrawing substituents or the steric hindrance (as measured by the increase in the number of methyl substituents) is increased. N'-(p-toluenesulfonyl-2,4,6-trimethylphenoxy)carbimidoyl azide is the most effective imidoyl azide with moderate decomposition temperature and low % Thermolyzate. The ortho/para ratio showed descending decrease with increase in the number of methyl groups. The small negative ρ-values for the thermal decomposition of imidoyl azide indicated small development of positive charge and that nitrene formation step is rate controlling. The positive ρ-values (1.50-1.90) for the formation of Thermolyzate indicated formation of negatively charged transition state. There is a linear relationship between decomposition temperature and % Thermolyzate. Electron-releasing substituents decrease and electron-withdrawing groups increased the decomposition temperature. The ortho/para ratio showed descending decrease with an increase in the number of methyl groups. The Hammett plots for the log of relative decomposition temperature produced ρ-values of near -0. (7), N'-(p-toluenesulfonyl-2,4,6-trimethylphenoxy)-carbimidoyl azide (8), N'-(mesitylsulfonyl-2,4,6-trimethylphenoxy)carbimidoyl azide (9) and N'-cyano-2,4,6-trimethylphenoxycarbimidoyl azide (10) were also reported earlier [7] . All the azides discussed here and quite a few others gave remarkably constant, but complex, product mixtures, not incorporating solvent and/or cosolute (e.g. substituted benzene). Their composition does not depend on the nature of solvent and cosolute, as seen by NMR, IR, TLC, and is characteristic for a given azide and different for different azides. We call these complex mixtures "Thermolyzates, nX". The results of the thermal decomposition of other azides as solid or with anisole are listed in Table 1 . The method for characterization of ortho and para adducts and the calculation of the relative percents were reported earlier [2] .
Typical thermal decomposition of azides in solid phase
Azide decompositions in the solid phase were carried out in a melting point apparatus. The decomposition temperatures were recorded with the initial evolution of the nitrogen gas in the capillary melting point tube and/or discoloration of the solid.
Typical thermal decomposition of azides in anisole
Unless stated otherwise, azides were thermolyzed in a 70-fold excess of anisole in a 100±5 o C oil bath for 3 hrs. The progress of the reactions was followed by thin layer chromatography. Excess anisole was removed at 2-25 mmHg and 25-40 o C. The residue was analyzed by 1 H-NMR, using TMS (tetramethylsilane) as an internal standard and, unless stated otherwise, CD 3 CN-CCl 4 as solvent. The residue was either chromatographed on silica gel (60-200 mesh) or extracted in a Soxhlet extractor using a suitable solvent.
N'-(p-toluenesulfonylphenoxycarbimidoyl azide (1): Thermolysis of azide 1 (1.575 g, 38.5 mmol) was decomposed completely at 100 ± 5 o C in the presence of anisole (38.5 mL) during 3 hrs. Reaction progress was followed by the visual color change of the solution (a colorless solution turned to light brown) and thin layer chromatography (TLC). Removal of the volatiles by vacuum distillation afforded 1.85 g (94%) of crude product mixture containg 6% Thermolyzate 1X, by weight. 1 
